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TEMPERATURE-DEPENDENT DEVELOPMENT OF 
ASIAN CORN BORER Ostrinia furnacalis 


LI Zheng-yue LU Mei-rong 
(Department of Entomology, Yunnan Agricultural University, Kunming 650201) 


Abstract Temperature-dependent development in the Asian com borer, Ostrinia furnacalis 
(Guenee) was determined at nine constant temperatures between 10°C and 34°C . Except for 10°C de- 
velopment of all life stages occurred at the temperatures tested, however, mortality was significantly 
great at the extreme temperatures (12°C and 347). Egg, larvae and pupae duration accounted for 
17%, 57% and 25% of total one of immature stage, respectively. Lower developmental thresholds es- 
timated to be 10.38, 10.06 and 11.07 for eggs, larvae and pupae, respectively. Upper limited 
thresholds were 28.00, 31.00 and 31.00 for eggs, larvae and pupae, respectively. The heat-unit re- 
quirements for egg stage were 79.15 degree-days, for larval stage were 339.73 degree-days, and for 
pupal stage were 128.82 degree-days, respectively. Overall, heat-umit requirements for development 
from egg to adult were 539.91 degree-days between lower developmental threshold 10.350 and upper 
limited threshold 32°C . 
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The Asian corn borer, Ostrinia furnacalis (Guenee) is a major pest of corn, Zea mays 
L.in Yunnan Province. It seriously infests in over 280 000 hm*, which account for 36% of the 
total cultivated area. The corn yield loss caused by the borer is estimated about 25 000 tons an- 
nually (Lu, 1992). 

There have been several measures to control the corn borer, among which applying insecti- 
cides is still main one. No factor is more important in efficacy and environmental safety than 
proper timing of insecticide applications (Pedigo, 1989). Many researchers have pointed out 
that insecticide against them should be applied before the young larvae bore into stalk. And this 
period can be estimated by observing either the occurrence and magnitude of moth flight or ap- 
pearance of egg mass (Apple, 1952; Showers et ai. , 1983) while the thermal requirement for 
development of this species has been identified as much more efficient method to predict its phe- 
nology and has been successfully used in many areas (Apple, 1952; Jarvis et al . , 1965; Show- 
ers etal., 1983; Bovin etal., 1986). Unfortunately, information in this respect is unavail- 
able for the corn borer in Yunnan. 

Our study was conducted to determine the stage specific temperature-dependent develop- 
ment of the Asian corn borer over a wide range of temperatures. 
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1 Materials and Methods 


Original adult moths were obtained from field collected the parasitic-free overwintered lar- 
vae in cornstalks and in corn cobs in Yongde, Yunnan from February through April 1995. The 
adult moths used in this study were from the second laboratory-reared generation. 

The adult moths were reared at (25+0.5)°C of a wooderi cage in growth chamber to ob- 
tain egg clusters. Nine different constant temperatures, all in conjunction with a photoperiod 
16:8 (L:D) hand RH (70+4)%, were used: 10, 12, 14, 16, 18, 22, 26, 30 and 34C. 
Newly hatched larvae were transferred from the Petri dish with a wet camel’s hair brush onto 
the artificial diet developed by Zhou et af. (1980). 50 less than 24 hour old eggs were intro- 
duced into a 10 cm X15 cm disposable Petri dish. Four replicates were run for each treatment 
with total 200 eggs throughout the study. Each Petri dish was removed singly every 24 hour 
for examination. Daily observations including monitor survival numbers and time of ecolsion in 
each event were continued until the moth reached the adult stage. The number of days required 
for each stage of development from egg to adult emergence was recorded. The theoretical 
threshold temperatures and degree-days were determined by these data. 

An analysis of variance (ANOVA) was used to examine the effects of temperatures on de- 
velopmental times and survival numbers. 

The equation as suggested by Stinner et af. (1974) was used to estimate sigmoid func- 
tions and determine the upper threshold temperatures in each life stage of O. furnacalis : 


RT 
where: 
R, = rate of development (1/time) at temperature T 
C= (maximum developmental rate) X e*1t*:*, j,e.the asymptote 
ki, ka= empirical constants 
T‘=T, for Ttopt 
T’ =2X topt- T, for T>topz 
topt = temperature at which the maximum developmental rate occurs 

SYSTAT Pro (SYSTAT Inc. 1990) was used to estimate the parameters. In this formu- 
la, topt was employed as upper threshold (Stinner et al ., 1974; Calvin et af., 1991}. 

The linear regression technique was employed by using the growth rate data as the depen- 
dent variable (y-axis) and temperatures as the independent variable (z-axis). The minimum 
developmental threshold temperature was determined as the x-intercept of the linear equation 
relating temperature to growth rate (Pedigo, 1989) from the statistical program in Quatro-Pro 
(Borland, Scott’s Valley, CA). 

The equation suggested by Lin et af. (1954) was used to calculate degree-day require- 
ments as: 

K = d.( tra) 
where K is the thermal constants (degree-days); t; is the temperatures of incubation, d; is the 
mean number of days in incubation at the ith temperature, and a is the minimum developmen- 
tal threshold temperature. 

The duration of development z was approximated by 

= a/(T - x) 
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where a is the average degree-day requirements; T is temperature, and x is the lower develop- 
mental threshold (Miller er af., 1992). By this procedure, the growth model for this moth 
was constructed and its growth rate was calculated. 


2 Results and Discussion 


The results from present experiments showed that as temperature increased from 12T to 
26T developmental time of egg stage decreased and there was an obvious linear relationship be- 
tween developmental rate and temperature in this range (Table 1). The minimum develop- 
mental threshold temperature by simple linear regression of developmental rate as a function of 
temperature taken from the linear part (12, 14, 16, 18, 22 and 26) of the developmental 
rate curve, and then extrapolating to zero. It was estimated by the linear regression that low 
developmental threshold temperature of egg stage was 10.34. The data suggested averaging 
degree-days for egg stage was 79,15+ 5.18. 


Table 1 Developmental time (day) of Asian corn borer at different temperatures 

s Temperature C 

Life stage — 0 12 14 16 18 22 26 30 34 
Fey mhmh §36.8745.1 BPL1.2 162413 0.FL08 6F410 4.7409 4921.5 4942.5 

Lana instar 

= 2.70.7 18.F40.9 1.8409 7.7205 4.8405 3.5203 2.81403 3.50.7 

- 6.9432 BFt1.1 7.405 5940.7 3.8205 28206 250.7 1.40.5 

= 4,843.5 2O09 7.7206 4.9°£0.6 40+0.7 2840.9 2.6208 2.F+0.7 

- mahity 15.840.5 9.F+0.9 6.3°40.8 4720.8 3.0¢40.4 2540.7 2805 

$ = DEEL BPE13 6.Ft08 9.8208 8.3%t04 6F10.7 6.70.5 

- 2+09 8.90.8 W107 %.740.7 W.4+0.5 16.640.6 17.1+0.6 

~ ~ .9+2.9 BPL23 E+0.9 12.0404 9.0.7 6.F40.7 7.7405 
Egg to Adult = = 168.2+1.9 10.Ft1.8 BFL14 45.2413 4.24139 WELLS .2+17 
D Values in the table indicates M + SE followed by different letters differ significantly (P<0.05). 


The top? was determined visually from the curve of developmental rates in Fig. 1 and the 
upper limit temperature (topt) for this species at egg stage would be about 28T . 

No eggs hatched at 10T but very few eggs hatched at 12C. The hatching rate of egg 
stage also was significantly different at different temperatures. F = 39.46; DF =7, 21; P< 
0.0001. Egg mortality was significantly greater at temperature extremes than at moderate tem- 
peratures. 

In larval stage of moth, the developmental rate increased as temperature increased until 
34T (Table 1). F test indicates this effect of temperature was significant. The linear part 
(14, 16, 18, 22, 26 and 30T) of the developmental rate relating to temperatures was em- 
ployed for each instar and the total combined instars of larva to establish linear regression equa- 
tions. Each instar and the total combined instars of larva were similarly responded to this linear 
part. Series of simple linear equations for each instar and the combined total instars larva were 
developed according to the data in Table 1. 

For each instar and the total combined instars of larva, the minimum threshold tempera- 
ture values ranged from a low of (9.70+0.02)T at the second instar to a high of (10.92 + 
0.008)°C at the fourth instar. The other minimum threshold temperatures were; (10.88 + 
0.003)T for the first instar; (10.33+0.03)T for the third instar; (10.03£0.006)T for 
the fifth instar; and (10.06+0.01)T for total combined instars. Degree-days for each instar 
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was calculated according to their individual minimum threshold temperature with developmental 
time. The first instar and the fifth instar required relatively more degree-days which was 51.90 
£4.32 and 136.37+4.16, respectively. They were in accordance with their longer develop- 
mental times. Other instars had some less degree-days, that is, second instar was 46.81 + 
2.18; third instar was 42.31 £3.94; fourth instar was 49.53+2.41; and the total combined 
instars, the degree-days was 336.7 + 312.71. In the same way, sigmoid growth models in 
each instar and the total combined instars of larvae were used to estimate the upper threshold 
temperatures for each of them. The results showed that sigmoid developmental equations were 
consistent with these data, as indicated by R* values >0.90 with the exception of 0.832 at 
third instar. Upper threshold temperature values for larval stage were 32, 35, 31, 30, 35 and 
32T for first, second, third, fourth, fifth instar and the total combined instars, respectively. 


Table 2 The survival numbers of Asian corn borer at different constant temperatures 
Temperature/C 
10 12 14 16 18 22 26 30 34 
Fee mhh 3.8+1.0 18.02.97 B.FL0.7 I.F+1.65 F7.0°40.92 DELO. 41.841. 2642.11 
Larval instar 


Lile stage 


= 3.10.8 18.0'43.82 BF741.5 WF +12.7 TOLL PELI AS t1. 22.0'42.2 
- 2841.40 16.7418 AHAN BELL BOLLS NFLS BP+L1D 6K +190 
254118 15.3.23 US +28 .P+0.8 BTD WELD FFP+10 14.9'+3.2 
- m maity 14,9+2,10 16.0°41.47 2.742.002 DI+20 2.0°$2.8 BFP+1E 8.510% 
- 10.1* +3.12 15.0°+1.83 19,542.33 27,841.65 31.0°+0.82 5.70.2 6.8 +1.85 
- 4.0°+0.92 8.042.200 HtLY APELO BTLV D+ 3.F+0..5 


有 
1 


The data from Table 2 suggested that the survival numbers increased as temperature in- 
creased continuously with each higher temperature in larval stage. From temperatures between 
14 and 18 survival numbers were 10.1 at the 140, 15.0 at the 16U, and 19.5 at the 
18T , respectively. But between temperature 22T and 30T , the survival numbers were obvi- 
ously increased. The survival numbers at 22U were 27.8, and 31.0 at 26C. Up to 30T, the 
survival numbers arrived to the maximum, 35.0. However, at 12T , larvae could survive 
through the third instar, but could not survive through the fourth instar. At 34T , only about 
7 individuals out of 50 initial individuals survived. In larval stage, extreme temperatures at 
lower and higher were obviously decreased the survival rates. The statistical analysis revealed 
that the survival rates of total larval stage were also significantly differing by temperature treat- 
ments. F=88; DF=7, 24; P<0.0001. 

The developmental time decreased as the treatment temperatures increased at the pupal 
stage. The minimum time of development occurred at 30T , averaging 6.5 days. The growth 
rate reached to maximum. The developmental time was significantly by temperature treat- 
ments. F=56.2; DF =6, 21; P<0.00001. From the estimation, minimum threshold tem- 
perature of pupal stage was determined to be (11.07+0.008)T using linear part (14, 16, 
18, 22, 26 and 30T), the degree-days was 128.02 + 3.99. Upper threshold was near 
31.0C . The survival numbers of pupal stage was significantly different by temperature treat- 
ments. F=49.11; DF=6, 21; P<0.00001. 

From 14T to 30T , the number of Asian com borer from newly pupation to adult emer- 
gence was gradually increased. Up to 30 the emergence adults arrived to maximum survival 
rate. However, the numbers of adult emergence drastically decreased when temperature was 
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over 30T . Only were 3.3 emergence adults at 34T , which was the one tenth of that at 30T. 
Mortality was significantly greater at temperature extremes 14T and 34T for pupa. 

It should be noted that approximately 
17% of the total duration of the immature 0.04 
Stage was spent in the egg stage, about 57% 
in the larval stage, and about 25% in the pu- 
pal stage. The elapsed time from deposition of 
eggs to adult emergence of Asian corn borer 
varied from about 28 days at 30 to about 
168 days at 14T , The minimum developmen- 
tal threshold of combined immature stages was 
captured by the linear part of velocity line 
within 14, 16, 18, 22, 26 and 300. When n 6 2 区 2 N n & 
they extrapolated to zero, the lower develop- Temperatures/C 
mental threshold was determined at (10.35+ Hig. Relationship between daily developmental 
0.02). In like manner, the degree-day re- sate and constant temperatures for Asian com borer 
quired for combined immature stage was esti- during the immature stages from newly deposited 
mated as the individual immature stages. The egg to adult emergence 
degree-day was 539.51 +8.62. Upper limited 
threshold also determined near 32.0 (Fig.1). 

Table 3 showed a series of developmental linear equations, sigmoid developmental equa- 
tions, and R? values. The minimum and maximum threshold temperatures for each stage or 
event of Asian corn borer were presented in this Table. The degree-days required for each de- 
velopmental stage were also included in this Table. 

When reciprocals of the duration of each stage of com borer being reared at constant tem- 
perature are plotted against temperature, a S-shaped curve of development, including the ap- 
proximately linear region of development curve is valid (Matteson et af., 1965). Since gross 
error in predicted development rates occur at the temperature extremes (Stinner et al., 
1974), so the methods for calculating degree days allow for upper and lower thresholds 
(Allen. , 1976; Higley et al., 1986). Presently many studies are the use of linear equations 
to describe developmental rate, then achieved the lower developmental threshold temperatures. 
The method has been criticized by a number of researchers (Stinner et al., 1974; Sharpe et 
al., 1977; Li et al., 1986). They argued that at temperature extremes, developmental ve- 
locities did not follow a linear path, but tended to approach a maximum developmental tempera- 
ture and then decline until mortality occurred. At lower temperatures, insect development 
slowed, but continued beyond the base temperature predicted by a linear function. If insects 
would be exposed to extreme temperatures during development prediction periods, functions 
other than linear equations must be utilized. To capture the nonlinearity of Asian corn borer de- 
velopment for determining the higher limit temperature threshold, a sigmoid function described 
by Stinner et af. (1974) was employed in this study to determine the parameters of degree-day 
model more accuracy. 

The results of laboratory experiment in this investigation revealed the detrimental effects of 
extreme temperatures on immature development of Asian corn borer, but were otherwise con- 
sistent across temperatures, indicating that optimal development occurred between 16U and 
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30T . However, the velocity line of the combined immature stages varied from the normal at 
its upper and lower limits, as with the velocity lines of the individual immature. 


Table 3 Equations and parameters of Asian corn borer at various constant temperatures 


ae Theoretical thresholds Equation® R 
Dt Du _ Degree-days? 
Egg 10,38+0.02 28.0 79.15+5.18 Y= -0.170857 + 0.015072X 0.978 
Re=0.226/ (1+ & 9-9-3487) 0.956 
Lst instar 10.8840.003 32.0 51.9044.32 Y= -0.205 +0.019X 0.999 
Rit =0.3377 (1 + eM-0.20T) 0.922 
2nd instar 9.70+0.02 35.0 46.81+2.18 Y= -0.201+0.021X 0.986 
Re=0.755/ (1 +e7®-0%1%T) 0.986 
3rd instar 10.33+0.03 31.0 42.3143.94 Y = -0.250 +0.024X 0.970 
Re=0.465/ (1+ et 83-9227) 0.835 
4th instar 10.92+0.008 30.0 49.53+2.41 Y= —0.233+0.021X 0.997 
Re=0.39917 (1+ 241-8227) 0.990 
5th instar 10.0340.006 35.0 136.37+4.16 = —0.076+0.008X 0,985 
Re =0.1747 (1+ ef 4-0-2975 0.973 
Combined instar = «10.06 0.01 32.0 336.73 12.71 Y= -0.031 + 0.003X 0.997 
Re=0.065/ (1+ eb %-0.227) 0.997 
Pupa 11.07+0.007 31.0 128.82+3.99 = —0.086+ 0.007X 0.975 
Re =0.155/ (1+ et5-0-2T) 0.945 
Egg to adult 10.3540.02 32.0 539.91+8.62 Y=~0.01925+0.00186X 0,998 


Rt =0.0377 (1+ es- 3537) 0.989 
Minimum threshold temperature (1) determined from the linear equation. @Upper threshold tempera- 
ture (T) determined from the sigmoid equation. @)Degree-days for each developmental stage. @Y is de- 
velopmental rate (1/day) of linear equation in Stinner’s et af. (1974) equation; X is constant tempera- 
ture, Rz is developmental rate (1/day) of Stinner's et al. (1974) equation; T is constant temperature. 

There was a decrease in developmental time with increasing temperature for most life 
stages up to 30T, above which developmental time increased. The exception was the egg 
stage, whose developmental time decreased only up to 26°C , after which they increased. 

Estimates of minimum development and upper limited thresholds were similar for all devel- 
opmental stages except the pupae which had a about 1T higher than those of other stadia at 
lower developmental threshold; and eggs which had a about 3U lower than other stadia at 
higher developmental threshold. Averaged over all stadia, a pooled lower developmental thresh- 
old was estimated to be 10.35T . Reports of lower developmental thresholds for other temper- 
ate-zone Asian corn borer varied from each other. General speaking, there have not been the re- 
ports referring the upper developmental thresholds of Asian corn borer in China. 

From this experiment, it might be realized that within limits, for example, 12 to 26 in 
egg stage, 14 to 30 in larval stage and pupal stage, higher temperatures produced greater 
growth rates because reaction proceed more rapidly at higher temperatures. As temperature in- 
crease, diffusion rates for substrates or enzymes or both also increase, resulting in greater for- 
mation of enzyme/substrate complexes. Additionally, higher temperatures provide more ther- 
mal energy for meeting energy requirements of the reaction (Sharpe et al., 1977). 

Although some approaches for calculating lower developmental threshold are available 
(Kirk et ai., 1981), they also produced estimated values. So x-intercept method which em- 
ployed in this approach was acceptable. Whichever method is used to determine the lower de- 
velopmental thresholds, thus, in calculating degree-days, invariably introduces some inaccuracy 
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(Higley et al., 1986). 

Estimating a upper limited threshold is a challenging because the variability in developmen- 
tal rates is usually greater at higher temperatures and because mortality is high. Presently avail- 
able techniques for calculating upper developmental threshold are not precise (Higley et al., 
1986). Furthermore, most often, developmental maxima were not determined for applying the 
studies on Asian corn borer. Determine upper limited threshold temperatures in this study at- 
tempted to reduce the error induced by lacking upper developmental threshold for calculating 
degree-days in the investigation of Asian corn borer. This approach in this experiment was in a 
sense more applicable in the conditions of Yunnan. 
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(云南 农业 大 学 农学 院 昆 虫 学 系 昆明 650201) 

摘 要 FA 10~MCAH 9 MEM EH EK Ostrinia furnacalis (Guenee) 发 育 
与 温度 的 关系 进行 了 研究 。 亚 洲 玉米 蚜 除 了 在 10 不 能 发 育 以 外 ， 在 其 余 8 种 恒温 中 均 
可 发 育 ， 但 其 死亡 率 在 12 立 和 34Y 中 较 高 。 从 产 卵 到 成 虫 羽 化 ， 卵 期 占 整 个 发 育 过程 的 
17%， 幼虫 期 占 57%, MPA 25%, WIR A A BE RA 10.380, HHRMA 
10.060 , SAH 11.07C., AAR hm E RH 28.000, AAA HH 31.00T. 
卵 期 有 效 积温 为 79.15 日 度 ， 幼 虫 期 为 339.73 日 度 ， 肾 期 为 128.82 日 度 。 从 产 卵 到 成 虫 
羽化 整个 过 程 的 发 育 起 点 温度 为 10.35C ,高 温 限 市 温度 32.00C ,有效 积温 为 539.91 日 
度 。 
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